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With the functions such as recognition, catalysis and construction, DNA 
nanomaterials act as one kind of ideal materials and found wide applications in 
various areas such as biosensors, drug delivery, protein machines, nanophotonics, 
and so on. However, the further application of DNA nanomaterials is limited due to 
the following problems: First, DNA nanomaterials could be digested by the 
nucleases inside cells, which frequently makes them dis-functional; Second, the poor 
strategy for targeted delivery of DNA nanomaterials to their destination (such as cell 
membrane) leads to the low efficiency of their function; Third, it is still difficult to 
organize complex multi-enzyme system with well control of enzyme position, 
orientation, and stoichiometry; Last, the efficient, precise and dynamic control over 
the enzyme pathway activity in response to different stimulants is of great 
significance yet rarely realized.   
To solve these problems, we carried out several projects listed as follows: 
1. Improve the stability of DNA nanoprobes using L-DNA 
In this work, we used L-DNA to improve the stability of DNA nanoprobes for 
intercellular biosensing. L-DNA is the optical isomer of naturally D-DNA. The 
non-natural backbone prevents L-DNA from binding to cellular nucleic acids and 
proteins. L-DNA also have the advantage of nucleases resistance inside the cells, 
thus improving the stability of L-DNA in a complex cellular environment. To 
achieve noninvasive and accurate sensing of intracellular temperature, we developed 
one kind of L-DNA molecular beacon (L-MB), a dual-labeled hairpin 
oligonucleotide, for intracellular temperature sensing. The MB has 
temperature-responsive stem-loop structure as well as the FRET signaling 
mechanism. Thus, the fluorescence of L-MBs is low when temperature is below the 
melting temperature; while it is lighted up at increased temperature. With the 















suitable for intracellular temperature sensing. Finally, the L-MB nanothermometer 
was used to study the photothermal effect of Pd nanosheets in single living cells, 
establishing the L-DNA nanoprobe as a robust biosensor inside cells. 
2. Improve the localization ability of DNA nanoprobes using lipid-DNA 
We designed an amphiphilic lipid−DNA probe for the development of cell 
surface-anchored biosensor. The lipid−DNA probe consists of a hydrophilic DNA 
strand and a hydrophobic diacyllipid tail. Based on the hydrophobic interactions with 
cell membrane, the lipid−DNA probe can be easily anchored on the cell surface with 
the features of excellent stability and negligible cytotoxicity, thus ensuring its spatial 
location on cell membrane. To realize the accurate sensing of the extracellular pH, 
we designed a ratiometric fluorescent probe using lipid-DNA. In our design, the 
lipid-DNA was modified with two fluorescent dyes including pH-sensitive FAM as 
pH indicator and pH-insensitive TAMRA as an internal reference. Its response to pH 
was sensitive and reversible in the range of 6.0-8.0, which makes lipid-DNA ideal 
for extracellular studies. Finally, this cell surface-anchored ratiometric extracellular 
pH indicator was successfully applied in 3D culture environment, demonstrating the 
potential applications of lipid-DNA probes in biological and medical studies. 
3. Achieve precise organization of multi-enzyme system using DNA origami 
We utilized DNA origami to achieve the precise organization of an artificial 
multi-enzyme system. DNA origami is one kind of technology to fold DNA into 
arbitrary two- and three- dimensional nanostructures, with the features of 
programmable assembly and nanometer positional precision. In our design, the 
specific sites on a rectangular DNA origami were functioned with extended 
anchoring probes, which could hybridized with the DNA tags linked to the enzymes 
and cofactor. With this method, we have constructed a multi-enzyme system 
consisting of glucose-6-phosphate dehydrogenase (G6pDH), lactate dehydrogenase 
(LDH), and malate dehydrogenase (MDH), as well as a common cofactor 
(nicotinamide adenine dinucleotide, NAD+). The successful assembly of 
multi-enzyme system was confirmed by gel characterization and AFM, and the yield 















4. Realize regulation of enzyme pathway using dynamic DNA nanotechnology 
We demonstrated the directional regulation of enzyme pathways in an artificial 
multi-enzyme network using dynamic DNA nanotechnology. Toehold-mediated 
strand displacement reaction was employed to control the position of the substrate 
channeling. Thus, the activities for the two enzyme pathways (G6pDH-LDH 
pathway and G6pDH-MDH pathway) were in response to the addition of DNA 
switches: Switch 1 shut down the G6pDH-LDH pathway and activated the 
G6pDH-MDH pathway; whereas switch 2 reduced the G6pDH-MDH pathway as 
well as activated the G6pDH-LDH pathway. This strategy has the advantages of fast 
response and good reversibility, thus opening the opportunity of DNA 
nanotechnology for widely use in synthetic biology and biomedicine. 
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